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Abstract 
This illustrative analysis of urban heat islands (URIs) and nearby tornadoes aims to 
provide insight into the possibility ofUilis interacting with tornadoes/tomadic storms. All 
tornadoes between 1998 and 20 I 3 were used in this study in order to identify ifthis phenomenon 
is, statistically, occurring. Thirteen urban areas and surrounding, major suburbs were then 
selected for further analysis. Tornadoes impacting these urban/suburban areas were then 
categorized and evaluated to gain a better understanding of how tornadoes act in urban 
environments. WhiJe there does seem to be a higher number oftomadoes, particuJarJy strong 
tornadoes (EF-3+), occurring in and around urban areas, the reason for this has yet to be 
determined. 
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Introduction 
In the year 2010, only three percent of US . land area was considered urban. This means 
that three percent of US. land is home to over eighty percent of the nearly 319 million people 
living in the country (US. Census Bureau, 2010). That is roughly 256 million people occupying 
only 295,710 square kilometers of land . The likelihood ofa tornado impacting one of these urban 
areas and all of those people, then, should be extremely small. In fact, for years many people 
have believed the myth that metropolitan areas are "immune" to tornadoes due to the 
environments present there, or the urban heat island (UHf) effect. An urban heat island is defined 
as a city or metropolitan area that is noticeably warmer than surrounding suburbs and rural areas 
as a result of the typical land cover of these urban locations. The temperature difference between 
an UHI and rural areas can be anywhere from a few degrees Fahrenheit all the way up to 22°F, or 
12°e. One recent study (Bentley et. aI. , 2010) suggests that urban heat islands do playa role in 
thunderstorm development and cloud electrification. Another found that storms have the 
tendency to strengthen downstream ofUHIs (Boyd 20] 3), but only when sufficient moisture was 
present. 
The lack of literature on the subject ofUHfs affecting tornadoes leaves much room for 
investigation. Based on personal observations of recent outbreaks, such as the April 25-28, 2011 , 
super outbreak in the deep south; May 2]-26, 2011 , across the plains and midwest; May 18-21 , 
2013, in the Great Plains; May 26-31 , 2013 , in the Great Plains and Midwest; November 17, 
2013, across the midwest; April 27-30, 2014, in the south; etc , it has appeared that perhaps 
urban areas are not only prone to tornadoes, but that they may actually provide added strength 
and instability to tornadic storms that pass over or around them. Some particular tornadoes that 
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stood out and prompted this analysis were the May 20 Moore, Oklahoma, tornado, and the May 
31 tornadoes in EI Reno, Oklahoma, as well as the St. Louis, Missouri, area. In April 2014, the 
southern United States saw a devastating tornado outbreak, largely impacting suburbs and cities 
in Mississippi and Alabama. Again, I noticed many of these tornadic and potentially tornadic 
storms skirting urban city areas and heavily impacting surrounding suburbs. 
Having a basic understanding of urban heat islands, it seems possible that perhaps these 
"bubbles" around cities, containing warmer temperatures and lower humidity values, may 
actually enhance tornadic storms that approach or enter the urban/rural interface. Conversely, 
these conditions may also assist in dissipating weaker tornadoes. Before attempting to 
understand if/how the present temperature and moisture gradients near UHIs have any effect on 
tornadic thunderstorms, it is important to see ifthere is a significant number of tornadoes in these 
urban and suburban areas to begin with. That is the main focus of this particular study. 
Data and Methods 
The first step in this study of urban heat islands and suburban tornadoes incorporated 15 
years of tornado track data (NWS 1998-2013) and what the U.S. Census Bureau has defined as 
urban areas, which were then refined for the purposes of this study. The U.S . Census Bureau 
defines an urban area as having 50,000 or more people. They also define additional urban 
"clusters" as having between 2,500 and 50,000 people. For this study, the areas of 50,000+ 
people were used, and then further refined based on the number of housing units present. Urban 
areas with more than 25,000 housing units were selected on the assumption that, with an average 
of two people per household, at least 50,000 people occupy these areas. It should also be noted 
that two versions of urban areas were considered initially. These are urban areas as defined by 
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population density, greater than or equal to 2,000 people per square mile, and urban areas as 
defined by the number of housing units available, greater than or equal to 25 ,000 housing units . 
Upon examining the use of urban housing areas versus population density, an obvious choice 
became clear. 
The urban areas based on housing units capture the commonly recognized urban areas 
and large cities allover the United States, whereas when based on population density many of 
the largest cities in the deep south are left out, including locations such as Atlanta and 
Birmingham. Another problem with using population density to determine urban areas occurs in 
the western halfofthe country. Small towns are densely populated in this region, so they show 
up as "urban areas" when using 2,000 people per square mile as the parameter, even if the total 
population is quite small. Given all of these issues, the urban housing definition was chosen to 
define urban areas for this study. Urban areas defined by housing units were then buffered by 
three miles in order to account for suburbs and ongoing urban sprawl taking place in U.S cities. 
The National Weather Service tornado tracks for the 15 year period contain information 
regarding EF-rating, which is important for this analysis. Using ESRI ArcGIS Desktop, version 
10.2.2, tornadoes intersecting, touching, or completely within the outer boundaries of these 
buffered urban areas were selected for qualitative analysis. After locating all of the tornadoes 
impacting urban areas, each urban area and its associated tornado paths were examined to 
determine which locations seemed to see the most tornadoes, particularly showing the pattern in 
question. This was simply to narrow down the number of tornadoes to be analyzed by hand later 
on. Every tornado impacting these urban areas from 1998-2013 was hand analyzed for 
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qualitative properties such as path length, changes in intensity, location of initiation, location of 
dissipation, etc . 
Once the qualitative analyses of these 374 tornadoes around the thirteen chosen cities was 
complete, they were placed into defined categories. The main categories considered were brief 
urban, brief suburban, urban, suburban, long track impacting suburbs, long track impacting 
urban, and those mostly outside of buffer areas. With the large variety of tornadoes present in 
this portion of the analysis, each category is only loosely defined , with " brief' tornadoes 
generally having path lengths under 3.5 miles. "Long track" tornadoes are classified as those 
with path lengths close to or larger than 15 miles. For example, the May 20, 2013, Moore, OK, 
tornado damage path was an estimated 14 miles long, but was classified as long track. An 
"urban" tornado is that which is mostly or completely within the urban housing areas, and 
"suburban" tornadoes are those mostly or completely within the three mile buffers and outside 
urban areas. Those considered "mostly outside buffer zones" are, obviously, those with the 
majority of the damage path outside of the three mile buffers. Additionally, initiation and 
dissipation points were also examined. Tornadoes with sufficient data were then chosen for even 
further examination, with changes in intensity along the tornado paths being examined. 
Results 
Between the years 1998 and 2013, there were 20,275 tornadoes (Figure 1) in the United 
States alone. Of these, 604 were considered strong tornadoes (Figure 2), rated EF-3 or higher. 
For this fifteen year period, strong tornadoes make up just under 3% of all tornadoes. Tornadoes 
with paths intersecting or completely contained within the three mile buffer zones total to 3,433, 
or just under 17% of all tornadoes during this period. Of these 3,433 damage tracks, 144 were 
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rated EF-3 or higher, making up over 4% of urban tornadoes. This is a fairly impressive statistic 
when considering that almost 24% of all strong tornadoes are occurring within only three miles 
of our urban areas (3% of U.S. land). After identifying these 3,433 tornadoes, the thirteen 
selected cities and 374 associated tornado paths were examined closer for various qualitative 
properties (Figure 3). 
Given the wide variety of tornadoes, there were a number of tornadoes that did not fit 
well within any of the specified categories. 10.4% of the tornadoes were mostly outside of the 
buffer zones, and dissipated within the three mile buffer. Most of these dissipated prior to 
entering the defined urban areas. These tornadoes do lend credibility to the idea that urban areas 
actually dissipate, or "protect," cities from tornado impacts. 37.4% (140) of the tornadoes 
examined were brief or very brief, with 77 (20.5%) occurring completely within the urban 
boundaries and 63 (16.8%) occurring in the buffer zones/suburbs. This too lends itself the the 
theory that urban areas can assist in the dissipation of weak tornadoes. In addition to these brief 
tornadoes, there were another 69 urban tornadoes (18.4%) and 61 suburban tornadoes (16.3%). 
Only 25 tornadoes, or 6.7%, were considered long track. Some of the long track tornadoes were 
also largely outside of the buffer zones, falling into that category as well. There were some 
extremely long tracks, with a few impacting multiple suburban/urban areas. 
Case Studies 
1. Franklin, Alabama to Franklin, Tennessee, April 27, 2011 
This tornado took place during the massive April 25-28, 2011 super outbreak in Dixie 
Alley. It is perhaps the most notable tornado of the outbreak, although is largely overshadowed 
by the TuscaloosalBirmingham tornado that took place the same day . The towns and cities 
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affected were mostly small, although the northern suburbs of Decatur and Huntsville, Alabama, 
were affected as well (Figure 4). EF-5 damage was recorded at multiple points along the 132 
mile long path of this tornado, devastating numerous towns. There were 72 direct casualties from 
this tornado, and another 145 injured. Up until the May 22, 2011, Joplin, Missouri, tornado, this 
was the deadliest tornado on record since the 1955 Udall, Kansas, tornado. It still holds the 
record for the deadliest tornado in Alabama history. 
A moderate risk was issued by the NWS Storm Prediction Center (SPC) for the affected 
area on the April 25, 2011 , day 3 outlook. By the morning of the 27th, the risk for severe weather 
was upgraded to a high risk. The main trigger for these severe storms appears to be the cold front 
that approached Alabama on the 27th of April. The jet stream remained back to the west for the 
duration of this event, but a large area of upper level (300 mb) divergence was present over parts 
of northern Mississippi and Alabama. The majority of the outbreak's tornadoes occurred on the 
27th, although there were numerous tornadoes back to the west on both April 25th and 26th as 
well. 
Touching down just east of the Mississippi/Alabama border in the afternoon/early 
evening of April 27, EF-O and EF-l damage was recorded along the beginning of the tornado 
damage path. As the tornado approached U.S . Highway 43, it strengthened to an EF-4 tornado, 
further strengthening to EF-5 as it approached the outskirts of Hackleburg, Alabama. After 
exiting Hackleburg and destroying an estimated 75% of the town, the tornado travelled parallel 
to Highway 43 before approaching Phil Campbell, Alabama, and causing further EF-5 damage. 
The tornado reached its maximum intensity after exiting Phil Campbell, destroying multiple rural 
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communities as it continued northeast towards Trinity, Alabama. After destroying parts of rural 
Mount Hope, Alabama, the tornado weakened to EF-3 strength. 
Passing through northwest portions of Trinity, part of the Huntsville-Decatur 
metropolitan area, it re-strengthened to a high-end EF-4 in strength. Southeastern parts of 
Tanner, Alabama, were also impacted by the high-end EF-4 tornado. Tanner is southeast of the 
city of Athens, Alabama, and still considered to be a part of the Decatur-Huntsville metro. The 
tornado weakened to EF-3 strength as it passed through the northern suburbs of Huntsville, 
impacting parts of heavily suburban Harvest and Toney, Alabama. Entering more rural areas past 
Toney, the tornado weakened significantly and crossed into Tennessee. Rural portions of 
southern Tennessee experienced EF-l and EF-O damage before the tornado finally dissipated . 
This particular case study was conducted using damage survey information from NWS 
Huntsville and NWS Birmingham that was not entered into the NWS Damage Assessment 
Toolkit (Figure 5). 
This tornado was classified as long track affecting urban areas. While the maximum 
intensity of this tornado occurred over mainly rural areas, it did exhibit re-strengthening while 
entering some of the northern suburbs of the Decatur-Huntsville metropolitan area. Whether or 
not this can be attributed to the UHI environment remains unseen, although it is not out of the 
question. Unlike the findings from Boyd 2013 , this tornado did not strengthen "downstream" of 
the metro area, but in fact began dissipating. The presence of moisture was not examined for this 
storm. An absence of moisture in the regions east of the UHI could also be the reason for 
dissipation, based on the Boyd 2013 observational study. Given that this tornado occurred in late 
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April, it also is possible that the UHI effect was not as strong as it would be in later spring and 
summer months. 
2. Moore (OK), May 20, 2013 
The repetitive tornado impacts in Moore, Oklahoma, are the one of the main reasons for 
this study, particularly the May 2013 EF-5 that affected many of the same areas that were struck 
during the 1998, 1999,2003 , and 2010 Moore tornadoes (Figure 6). As this study was being 
conducted, Moore was once again hit by a weak tornado on March 25, 2015, further reinforcing 
the need for understanding what causes suburban and urban tornadoes to be so frequent when 
97% of the United States is made up of open, rural land . The May 20, 2013 , Moore tornado took 
24 lives and injured dozens of others . Not only was Moore affected , but parts ofNewcastle and 
south Oklahoma City (OKC) were impacted as well. 
Severe weather was expected to impact central Oklahoma on May 19th and May 20th as 
far as eight days out, with a slight risk first introduced to the area on the NWS SPC day 3 
outlook from May 18, 2013 . On day 2, the risk was upgraded to moderate for the 20th with the 
risk for large hail and tornadoes clearly outlined in the forecast discussion. The main trigger for 
this event was a cold front that overtook the dryline in west-central Oklahoma. By 17Z, 
rawinsonde data from KOUN (Norman, Oklahoma) measured CAPE (convective available 
potential energy) values approaching 5000 J/kg (Figure 7) as a result of sufficient daytime 
heating that took place earlier in the morning and afternoon. One thing that is particularly 
interesting about the supercell that produced the Moore EF-5 is that it was not the southernmost 
cell at the time. Generally, the southernmost supercell , called a "tail end Charlie" by storm 
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chasers, can be expected to be the strongest cell in a line because it is closest to the Gulfs 
abundant moisture flow, and can block this flow from the more northern cells (NOAA Technical 
Memorandum NWS SR-145, 1996). The cell south of the Moore supercell impacted areas near 
Paul's Valley, Oklahoma, and produced a brief tornado, but was nowhere near as impressive as 
its northern companion. 
The tornado touched down on the western side ofNewcastle, Oklahoma, to the west of 
the intersection of State Road 37 and Interstate 44, and grew in size and strength very quickly 
(Figure 8). Almost immediately, EF-4 damage occurred just to the north of S.R 37. A tornado 
warning was issued 16 minutes prior to the reported tornado touchdown at 2 :56 local time. Just 
east ofI-44, the tornado reached its maximum width of roughly 1.1 miles, and soon after, began 
consistently producing EF-4 damage as it approached the western edge of Moore. EF-5 damage 
was recorded at and near Briarwood Elementary School, where, fortunately, although school was 
in session, no fatal ities occurred. A second swath ofEF-5 damage was recorded near the Warren 
Theater just west ofI-35. After crossing over 1-35, the tornado shrunk in width and slowly began 
to weaken. A concentrated swath of EF-4 damage occurred up until the tornado crossed north of 
S.R. 37 again, where the tornado then began to weaken and re-intensify in spurts before finally 
dissipating to the west of Stanley Draper Lake. 
The Moore tornado was also classified as long track affecting urban areas because, 
although Moore is considered to be a suburb ofOKC, it qualifies as an urban area given the 
number of housing units present. Additionally, this tornado is considered suburban/urban, as it 
spends most of its time within the buffer and urban zones. Central Moore along the 1-35 corridor 
is very built up, and does appear to be more of an urban area than suburban, so the urban 
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classification fits in this case. This should be considered a prime example of how an UHI 
influenced suburban tornado would behave. It exhibits strengthening prior to entering the outer 
suburbs, skirts the southern portions of a defined urban area, and begins to dissipate upon 
encountering the heart of the suburban/urban area. 
3. St. Louis, Missouri, May 31, 2013 
This EF-3 tornado was just one of many tornadoes that occurred on May 31, 2013. The 
main trigger for this storm was a slow moving cold front that, throughout the day on the 31 st, 
remained rather stationary. The front finally started to trek eastward during the overnight hours. 
The tornado that impacted the western suburbs of St. Louis, Missouri, including Harvester, Earth 
City, Bridgeton, Ferguson, Bellefontaine Neighbors, and eventually the northwestern edge of St. 
Louis itself, formed within a line of stonns that passed through the St. Louis metropolitan area 
after OOZ on June 1. There were nine reported tornadoes near St. Louis on May 31, this one 
being the longest tracking and most intense. The maximum intensity was measured at an EF-3, 
but it only reached this strength briefly on its 32 mile trek tlu'ough St. Charles and St. Louis 
counties. 
Data for this particular tornado is not quite as good as the others. There is no damage path 
polygon available in the Damage Assessment Toolkit, so this analysis was done using damage 
points along the path and descriptive articles about the tornado (Figure 9), although a damage 
polygon was located after the initial analysis (Figure 10). The tornado touched down on the 
southwest side of Weldon Spring, Missouri . The tornado strengthened rather rapidly, reaching its 
maximum strength as it approached the Missouri River and the outer suburbs of St. Louis. After 
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crossing the Missouri River, EF-2 damage was observed for another (roughly) 5A miles before 
further weakening as it got into more densely populated areas , Finally, the tornado dissipated on 
the western banks of the Mississippi River, on the outer edges of the city of St. Louis, 
This tornado was, once again, classified as a long track tornado impacting urban areas, 
This tornado, unlike the previous case studies described , occurs almost entirely within the urban 
boundaries of the St. Louis metropolitan area, It initiated just inside the three mile buffer around 
this urban area, and dissipated before exiting and crossing state lines, This tornado, being weaker 
than the other two cases, leaves less uncertainty about whether the "strength" is due to the actual 
intensity of the tornado or the number of buildings and homes present. It tracked through a fairly 
dense suburban area, yet still caused mostly EF-l and EF-O damage, even as it approached the 
most densely urbanized areas, The tornado lifted as it approached St. Louis itself, but the 
associated storm did drop another EF-3 tornado on the other side of the MissourilIllinois state 
border. This, too, was only very briefly an EF -3 , and did not last as long or travel as far. 
Conclusions 
Now knowing that almost one quarter of all strong tornadoes occur in urban/suburban 
areas, we can work to understand why this phenomena is occurring, Discerning whether or not 
these high numbers are due to the damage-based EF -scale or are actually a result of UHIs seems 
the next logical step in researching suburban tornadoes in relation to urban heat islands, 
Suburban and urban areas are, of course, home to many more structures than rural areas, possibly 
causing these tornadoes to appear stronger in damage reports than their rural counterparts, A 
great example of this is the May 31 , 2013, El Reno, Oklahoma, tornado, El Reno is a fairly rural 
city compared to the surrounding metropolitan area, Not only that, but the path of the EI Reno 
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tornado largely impacted open fields, resulting in lower EF-ratings despite the record width and 
wind speeds recorded with this twister. Unfortunately, or fortunately , the lack of structures 
destroyed led to a much lower EF-rating than many people initially would have assigned the 
tornado. 
Another road block with this research is in the tornado data itself. Many of the tornadoes 
that occurred in this 15 year period have sparse data beyond path length and maximum 
EF-rating. Where available, damage points and polygons of the damage paths were used, but not 
many tornadoes had this data. Oklahoma City has the best tornado data, likely a result of its 
proximity to the National Weather Center, NWS SPC, and NWS Norman Forecast Office. Most 
other cities examined in this study had little or no damage data available. The change in intensity 
along a tornado's path is perhaps one of the most important pieces of data necessary to 
understanding how urban areas impact tornadoes, yet the majority of recorded tornadoes lack 
this. Using straight, static tornado paths makes it almost impossible to analyze this phenomenon 
with the degree of detail necessary. 
Some other useful pieces of data to assist in this study inc! ude large-scale, archived, 
hourly temperature data. Unfortunately, this data either does not exist or is not available to the 
general public. County-level temperature data would be ideal for future analyses on this topic, or 
perhaps even larger-scale temperature data than that. Access to this type of data would certainly 
help answer the question of iflhow UHls are impacting tornado development. Dew point 
temperature at this level would also assist in understanding this subject further. In addition, data 
on urban heat islands and the cities that commonly experience them would be especially helpful 
in deciding which urban areas to analyze. 
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Despite all of these issues, the fact that l7% of all tornadoes occur in roughly 3% ofU.S. 
land is certainly an important statistic. The tendency for strong tornadoes in these urban areas is 
also important, whether in understanding UHIs with regard to tornadoes, or as an argument for a 
new, non-damage based way to measure tornadoes and better record keeping of tornadoes in 
general. Hopefully, future analyses of this potential phenomena will take place and either further 
this study or, if necessary, discount it. With more than 80% of our population occupying urban 
areas, understanding how tornadoes act in those environments is crucial to protecting both lives 
and property. 
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Figure 1: 20,275 tornadoes occurred in the continental United States during the fifteen year 
period from 1998-2013_ Red lines indicate EF-3+ tornadoes; gray indicate EF-O through EF-2 
tornadoes_ 
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Figure 2: All strong (EF-3+) tornadoes from 1998-2013_Red lines indicate strong tornadoes 
impacting urban polygons (in gray) and purple lines indicate all other strong tornadoes_ 
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Figure 3: Thirteen selected urban areas (Birmingham and Tuscaloosa were evaluated as: two 
separate urban areas, but are pictured together here) . 
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Figure 4: NWS tornado damage polyline (bold red) for April 27, 2011, Franklin, AL, to 
Franklin, TN, tornado. No points or polygons indicating strength in the Damage Assessment 
Toolkit. Yellow lines indicate 3 mile buffers; gray polygons indicate urban areas . Thin red lines 
1nd1cate major 1nterstates. 
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Figure 5: Damage polygon for April 27, 2011 case via the National Weather Service Office in 
Huntsville, AL, and nearby offices. 
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Figure 6: Tornadoes impacting Moore, Oklahoma, since 1998. Image via the Norman Weather 
Forecast Office (National Weather Service). 
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Figure 7: Upper air rawinsonde sounding from KOUN (NWS Norman, Oklahoma) at 17Z on 
May 20, 2013, This sounding is representative of the environment in Moore, Oklahoma" prior to 
the EF-5 tornado that took place later in the day, 
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.Figure 8: Moore, Oklahoma, May 20 EF-5 damage polygon and damage survey points. Gray 
hatched polygon indicates urban area. Yellow line indicates 3 mile buffer. Red lines ind.icate 
major interstates. 
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Figure 9: May 31, 2013, St. Louis tornado damage path (NWS) and damage survey points 
(NWS Damage Assessment Toolkit). Notice that the damage path is a line drawn from the 
starting point to the ending point of damage, while the actual tornado damage path deviates quite 
a bit. 
Figure 10: Damage polygon and points released by the National Weather Service office for St. 
Louis, MO, via Google Maps. 
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